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Abstract Attention hasbeen paid to a flywheel energy storage
systembased on a doubly-feshduction generator-motor

for the purpose of power conditioning with aiming at
load-leveling over a repetitive period. Figure 1, for

Direct connection of the synchrotron magnebwer
supply to the utilitiescauseghe effect of pulsedreactive

andactive power inthe ac line. Conventionally, Static example, shows the typical pattern of which actioeer

Var Control system compensates theactive power . :
. . g_[ﬂ{) + -
generated by the thyristor converter to reduce the flicker (I:rr11anges drastically in a rang@m +55MW to -55MW

, . within 4 sec. Itis alsoeferred to as afadjustable-speed
the powerline. However, it is necessary toontrol not N .
. : rotary condenser” capable of both active power control and
only areactive poweltbut also anactive power for the 4 : : .
.~ reactive powercontrol, in contrast with a conventional
future large scale synchrotron magnet powapply in »
SN . synchronous-speed rotary condenser” capable onfy
order to reducehe dissipationpower and to realize the .
T ) . reactive power control.
stabilization in the ac line. Aradjustable-speed rotary
condenser is capable obt only reactive power control
but alsoactive power control since it utilize faywheel
effect of the rotor. Researchand development on these
problemsare now undergoing using amodel system of
7.5kW rotary condenserwith flywheel (GD=3kg-n¥).
Control and characteristic of an adjustable-speed rotary
condenser and the experiment result will be presented.

kA

1 INTRODUCTION

1.1 Background

kV

The KEK-PS main ring magngiower system works at
repetition rate 0.25 - 0.4 Hz for the power to be fed in and
fed out from the utility to the magnets bgonverter and
inverter mode operations. The magngtower system,
consists of the ring magngbwer supply (23.6MVA),

the reactive power compensator systems (20 MVar lag for ] ,
fundamental) and the harmonic filter banks (20 Miéad) 0 !
[1].

As a case othe 50 GeV main ring magnepower
system of the JapaHadron Project (JHF),peak power
anddissipationpower are estimated to be about 120MW
and 34.5MW, respectively. For sucHaage scale magnet
power system, the fluctuation oéctive powerproduce
serious effects on power systems of the installation site pf> The 200-MJ flywheel energy Storage System
the magnepowersupply, even if the reactive power is
compensated. Hencénstallation of a large-capacity FOr example, the 200 MJ ROTES (RotaBnergy
energy storage system to the magnet power supply is nelprage System) was successfully commissioned at the
under consideration. For the JHF desigdpubly-fed Chujowan substation oi®kinawa island of Japan [3].
flywheel generatingsystem isunder consideration [2]. The ROTES is an application afijustablespeed pumped
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Figure 1 : Typical operating pattern of a magnetever
supply for a proton synchrotrog) Magnet current. (b)
Magnet voltage. (c) Active power.
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storage system technologsnd is anexcellent system the flywheel energy storageystem is more suitable for
designed tosuppressfrequency fluctuations caused by repetitively absorbingnd releasing electric energy for a
sudden and frequembad changes irthe power system. short period of time. The required capacity of power
With the 200 MJ ROTESfrequency fluctuations have electronic equipment for ac excitation is in a range from

been greatly improved from + 0.6 Hz to = 0.3 Hz. one-fifth to one-seventh as small as ttepacity of the
wound-rotor induction machine.
2 SYSTEM CONFIGURATION A 40-MJ flywheel energy storageystembased on a

70-MVA doubly-fed induction machine should be installed
on the ac side of the magnet power supply showRign
1, in order toachieve perfecioad-leveling. Comparison
with the 200-MJ system installed foline-frequency
regulation leads to the possibility that the 40-MJ system
doesnot need tocouple any flywheel with the rotor,
becausdhe induction machine ratingequired tothe 40-
J system is 2.6 times darge asthat required to the
00-MJ system. On the contrary, the 40-MJ system
needs to achievenuch faster charge/discharge of active
power than the 200-MJ system.

A doubly-fed flywheel generator-motor of aound-rotor
induction machineand a cycloconverter or a voltage-
source PWM rectifier-inverter which is used as an ac
excitor. Adjusting the rotospeedmakes thegenerator-
motor eitherreleasethe kinetic energy to the power
system or absorb it from thgower system. Thus, the
generator-motor has the capability of achieving, not on
reactive powercontrol, but alsoactive power control
based on a flywheel effect of the rotor.

The control strategy enables the flywhgeherator-
motor to perform active power contrahdependent of
reactive power control even in transiestates. The
flywheel generator-motobased onleading edge power
electronics and electric machine technologies shows
promise as a versatile power conditioner, in particular,
being capable of repetitively absorbing orreleasing
electric energy for a periodicabperation such as a
synchrotron magnet power supply. Despite of the 200-MJ successful example, ihésessary

The ac excitation on the basis of a rotor-positiofy confirm that a new control strategy fordaubly-fed

feedback loop makes it possible to achieve staa@ble-  flywheel generator-motor would be effective by an
speedoperation.  Adjusting the rotospeedmakes the experiment.

generator-motor either releatige electric power to the
utility grid or absorb it from the utilitygrid. Therefore,

3 EXPERIMENT SYSTEM AND
SIMULATION

3.1 Experiment System

FW
7.5KW

PWM PWM
- Rectifier 1% Inverter
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Figure 2 : Experiment system of the 7.5 kW doubly-fed flywheel with IGBT rectifier and inverter
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The experiment system consists of a 7.5-#@vbly- electric energy for ashort period of time less than a
fed induction machineequippedwith a flywheel of 3  minute. The experiment result of 7.5 kwbdel should
kgm?, a 2-kVA voltage-sourceWM rectifier, a 2-kVA be expected.
voltage-sourcePWM inverter,and dual CPUs (Hitachi

SH-1). Fig. 2 shows a blodltiagram ofthe experiment 0.3

system. Therectifier and inverter using insulatedgate _ ] Earen
bipolar transistorgIGBTSs) rated ab00 V and 30 A, are ~ O: 2.5 ms -+ = iq~0
controlled by the CPUs. Three-phase currents and -0.3 F— 25ms —

voltagesare detected byCTs or PTs, while theotor
position is detected by aotary encoder(RE). These g 361j\wJ///
signalsaresent to the CPUs iorder tocalculatethree- = 360 =

phase inverter output voltages. The inverter excites the ‘ '
secondary winding of the induction machine throsgjp

(CY)

rings, forcing the active and/or reactive poweleased to, 0.3 W
or absorbedrom, the utility to follow its referenced, 2 0] e —
andi,. The experiment is now under processing. . 25 ms Hfie i
-0.3 f— 25 ms —»

3.2 Simulation

g 3617

= W,

Fig. 3 showssimulated waveforms in which the 360

switching operation of thgoltage-fedPWM inverter is
taken intoaccount[4]. Here, the control system fog
andi, has a proportional-plus-integral (PI) controller, the
time constant of which is set at 100 ms. The Figure 3 : Simulatedvaveforms inswitching operation
proportional gain isdesigned to be K 9.5 [V/A], so of the voltage-fed PWM inverte(a) Stepresponse of,
that the time constant @f andi, for a stepchange ini,’ underi, =0. (b) Step response pf underi,” =0. w,, is
andi, is T = 2.5 ms. Thériangle-carrierfrequency of  held constant at 360 rpm in becausg,of 0.

the voltage-fedPWM inverter is 1 kHzandthe dclink

voltage is 0.2 pu. The magnitude of the stbpnge in 5 ACKNOWLEDGMENTS
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speed of the induction machin®,, varies inFig. 3 (a), ROTES at the Chujowan on Okinawa island.
whereas it is heldonstant at 360 rpm in Fig. 3 (b)
because, = 0. Detailed results of the simulation will be 6 REFERENCES
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The flywheel energy storagsystem based on a
doubly-fed induction machine isexpected to beused
exclusively as a versatile power conditioner, in particular,
being capable of repetitively absorbingand releasing
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